The main goal of this project is to perform a feasibility study on Fuel-Powered and Thermoelectric Shape Memory Alloy (SMA) actuators to develop highly-compact SMA actuators. The specific objectives for the Fuel-Powered Compact (FPC) SMA actuator are given below:
Methodology and Preliminary Results
The approach followed for the development along with the preliminary results for two compact SMA actuators is discussed in the following two subsections. The comparison of energy and power densities of generic electromechanical actuator systems, with batteries as energy sources, is based on generic commercial products. These actuator systems showed better energy and power densities than the SMA-Battery and SMA-Fuel Cell actuator system, but significantly less than the SMA-Combustor actuator system.
Fuel-Powered Compact (FPC)
-
Conceptual design and preliminary results
Based on the preliminary analysis, a two phase approach has been followed for the FPC-SMA actuator. The initial phase or phase I of the project involves development of a scaled up model to validate the principal of fuel-powered SMA actuator. The proposed principal of FPC-SMA system is shown in Figure 2 . Figure 3 shows the phase I FPC-SMA system with improved circulation. The preliminary design parameters for the phase I FPC-SMA actuator are tabulated in Table 3 . Linear, rotary and bimorph actuation modes are being considered for the TEC-SMA as shown in Figure 9 . A conceptual design of the TEC-SMA actuator based on different actuation modes is proposed in Figure 10 . The pertinent design considerations for the proposed TEC-SMA device are listed as follows: Shear Stress at the Thermoelectric SMA Interface. A polymer (polyethylene with SiC dielectric) material will be utilized. Electrical Isolation of the Electrical Connection.
Phase
The electrical connections will be printed on the polymer surface. The polymer strip with the electrical circuit will be easily bonded to the SMA material. Manufacturing of a Compact Actuator.
Etching of electrical print on the polymer and its bonding to the SMA strips will be required.
Similar to the FPC-SMA approach, a two phase development is proposed for the TEC-SMA actuator as well which is currently under development and briefly discussed below. Figure 11 shows a schematic of a simple experimental setup involving an SMA strip as an actuator and two Peltier devices. The SMA strip is free to move on the cold surface of Peltier device using silicon based thermal paste to ensure thermal connection. NiTi SMA strip has cross sectional dimensions of 0. Figure 12 shows the variation of SMA actuator temperature with time. Figure 13 and 14 show the corresponding stress and strain response for the temperature profile shown in Figure 12 .
Preliminary results
Current work on the development of both the FPC and the TEC SMA actuator involves tasks outlined in phase I and II as mentioned above, and is part of on going research. Figure 13 . SMA stress. 
